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Temporal shape manipulation of adiabatons
V.G.Arkhipkin and I.V.Timofeev
L.V.Kirensky Institute of Physics SB RAS, 660036 Russia Krasnoyarsk∗
(Dated: November 4, 2018)
We describe how to control the temporal shape of adiabaton using peculiarities of propagation
dynamics under coherent population trapping. Temporal compression is demonstrated as a special
case of pulse shaping. The general case of unequal oscillator strengths of two optical transitions in
atom is considered.
PACS numbers: 42.50.Gy, 42.65.Tg
I. INTRODUCTION
Electromagnetically induced transparency (EIT) and
coherent population trapping (CPT) can facilitate coher-
ent control of light under propagation through a medium
[1, 2]. In addition to their fundamental interest, investi-
gations of these processes are stimulated by practical pos-
sibilities, such as manipulating a group velocity of light
and light storage in atomic medium [3, 4], enhanced non-
linear optical processes [5], quantum memory [4] and so
on.
The CPT is a quantum interference effect and takes
place under resonance interaction of two laser fields
(probe and coupling) with three-level atomic systems.
The essence of this effect is that under certain condi-
tions atoms are trapped into the coherent superposition
of two lower states |1〉 and |2〉, which is called CPT-state
[6, 7]. Under CPT condition the medium becomes co-
herent and possesses unusual properties, many of which
contradict with the intuitive views. The CPT leads to
the maximal coherence at the Raman transition and the
medium becomes transparent for the probe and coupling
pulses [5, 8]. This phenomenon allows recording, storing
and reading of information about strong optical pulses
[9, 10], to control the degree of excitation of spatially
localized regions inside an absorbing three-level medium
[11] and to generate matched pulses [12, 13], adiabatons
[14, 15] and dressed-field pulses [16].
Recently it was shown how EIT can be used for co-
herent control of the weak pulse shape [17]. The idea is
following. Under EIT the weak probe pulse propagates
with a slow group velocity depending on an intensity of
the coupling field. If the intensity of the coupling field
depends on a time, different points of the probe pulse ex-
perience different values of intensity of coupling field and
travel with different propagation velocities, giving rise to
temporal reshaping of the probe. A proper choice of the
temporal shape of the coupling pulse allows control and
manipulation of the probe pulse envelope. In this paper
we generalize this method for controlling the temporal
shape of the intense probe pulse using the peculiarities
of CPT propagation dynamics. Temporal compression
∗Electronic address: avg@iph.krasn.ru
w
1
1
2
3
w
2
FIG. 1: The three-level system coupled by two resonant pulses
with Rabi frequencies Gc and Gp. ωc and ωp are the frequen-
cies of the control and probe pulses. The transition |1〉 − |2〉
is dipole forbidden.
of adiabatons is demonstrated as special case of pulse
tailoring.
II. PRINCIPAL EQUATIONS
Consider the propagation of two laser pulses in a
medium consisting of three-level atoms (Fig. 1). Pulses
propagate along an axis z in one direction. A probe pulse
(with the slowly varying envelope Ep(t) and frequency
ωp) is tuned on resonance with |3〉 − |1〉 transition, and
the coupling pulse (Ec(t), ωc) is tuned so that exact two-
photon resonance between states |1〉 − |2〉 is achieved.
The coupling pulse is switched on earlier and switched
off later than probe. The pulse durations Tp and Tc
are much less than any relaxation times of atoms and
Tp < Tc. Intensities of both pulses are comparable.
A propagation of pulses can be described by
Schro¨dinger equation and reduced wave equations for
Rabi frequencies (Maxwell-Schro¨dinger equations) which
should be solved self-consistently. For the case when the
fields are in resonance with their respective transitions,
Maxwell-Schro¨dinger equations are
∂
∂τ

 a1a2
a3
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 0 0 G∗p0 0 G∗c
Gp Gc 0



 a1a2
a3

 , (1)
∂
∂ζ
(
Gp
Gc
)
= i
(
Kpa
∗
1
a3
Kca
∗
2
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)
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2Here ζ = z, τ = t−z/c – space and time coordinates in a
frame moving with light velocity c in empty space; a1,2,3
– the probability amplitudes of atomic states; 2Gp,c =
Ep,cd1,2/~ – the Rabi frequencies of fields; Ep,c – the
probe and coupling field strengths; d13,23 – the electrical
dipole moments of the relevant atomic transitions; ~ – the
Plank constant; Kp,c = 2πNωp,c |d13,23|
2
/~c – the field-
atomic medium coupling coefficients; N – the atomic con-
centration. Initially all atoms are in the ground state |1〉:
a1,2,3(τ = −∞, ζ) = (1; 0; 0). The solution of Eqs. (1)
and (2) gives the complete evolution of the atom-field
system.
The analytical solution of the equation system (1,2)
is possible only in adiabatic approximation [8, 14]. In
this case |a3| ≪ 1 and Gp/Gc = −a2/a1. The condition
|a3| ≪ 1 means, that the population of intermediate state
|3〉 is close to zero in the interaction of pulses with atoms.
The population is trapped in a coherent superposition of
states |1〉 and |2〉 – the effect of CPT. Under CPT pulses
do not interact with medium [2, 7]. It means that pulses
can propagate practically without absorption.
In the adiabatic approximation Eqs. (1) and (2) lead
to photon number conservation law
G2c(τ, ζ)
Kc
+
G2p(τ, ζ)
Kp
=
G2c(τ, ζ = 0)
Kc
+
G2p(τ, ζ = 0)
Kp
= V (τ, ζ = 0).
The conservation law implies that any change in the
probe pulse is compensated by a corresponding change
in the coupling pulse and so V does not depend on the
space variable during the propagation. The input fields
determine the temporal shape of V .
In the adiabatic approximation field equations (2) have
the form
∂ ~G
∂ζ
= −Kˆ
1
~G2
∂ ~G
∂τ
, ~G = (Gc, Gp). (3)
Let us introduce new variable, mixing angle θ (τ, ζ),
which is determined as tan θ = Gp/Gc. The equation for
θ (τ, ζ) is [8]
∂θ
∂ζ
+
K2 (θ)
KpG2c +KcG
2
p
∂θ
∂τ
= 0, (4)
K (θ) =
(
KpG
2
c +KcG
2
p
)
/ ~G2 = Kp cos
2 θ +Kc sin
2 θ.
The mixing angle appears constant along characteristic
curves
ζ (τ, τ0) = K
−2 (θ (τ0, ζ = 0))
∫ τ
τ0
(
KpG
2
c +KcG
2
p
)
dτ ′,
FIG. 2: The space-time evolution of normalized Rabi frequen-
cies of the probe gp = GpTp and control gc = GcTp pulses
and atomic coherence ρ21 = a
∗
2a1. The probe and coupling
pulses are the Gaussian pulses with parameters Tc = 10Tp and
maximal values of Rabi frequencies at the input of medium
g0p = g
0
c = 20. The time τ is measured in units Tp, the length
ζ – in length of linear absorption.
τ0 – the time when given characteristic curve intersects
the input of medium. τ0 is to be determined from last
equation and the solution of Eq. (4) can be written as:
θ(τ, ζ) = θ(τ0, 0).
All physical quantities can be expressed through the mix-
ing angle θ (τ, ζ) [8]
(
Gp
Gc
)
= 2
√ (
KpG2c +KcG
2
p
)∣∣
ζ=0
K (θ)
(
sin θ
cos θ
)
, (5)

 a1a2
a3

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

cos θ
sin θ
−
∣∣∣∂(~G/~G2)/∂τ ∣∣∣

 . (6)
The solution (5) and (6) can be applied only within the
area of adiabaticity which is limited by the relation [14]
3|Gc
∂Gp
∂τ
−Gp
∂Gc
∂τ
| ≪ (G2c +G
2
p)
3/2.
In contrast to usual steady state solution which does
not depend on initial conditions, the space-time evolution
of the probe and coupling pulses under CPT conditions
depends on the pulse forms at the input of medium. Some
aspects of this dependance are discussed in [8].
III. TEMPORAL SHAPE CONTROL
OF THE PROBE PULSE BY CPT:
COMPRESSION OF PULSES
Figure 2 demonstrates the evolution of the Rabi fre-
quencies of pulses and the atomic coherence under CPT
in the case of the Gaussian pulses at the input of medium,
also Kp = Kc and Tc = 10Tp. It is visible, that the probe
pulse is gradually depleted and the control gets stronger.
Note that the pulse shape at the initial stage of propaga-
tion shows very little variation with the length, which
may considerably exceed the linear absorption length.
Complete reemitting of the probe pulse into the con-
trol one during propagation is possible. The atomic or
Raman coherence is excited only in a part of medium,
that is spatially localized. Outside of this area, atoms
remain unexcited in the ground state. The spatial distri-
bution of atomic coherence keeps the information about
pulses. This can be used for record and storage of in-
formation about the probe pulse in the CPT-modified
medium [9, 10].
In a case, when Tp ≪ Tc and the amplitude of the cou-
pling pulse is constant, the probe and coupling pulses
have complementary envelopes and propagate without
form variation and with equal group velocity. Such pulses
are called adiabatons [14].
Under unequal propagation constants Kp,c (unequal
oscillator strengths of two optical transitions in the atom)
the adiabatons are not shape-preserving but undergo a
front sharpening (Fig. 3): under Kp < Kc a back edge
becomes steeper (dash-dot line) , and under Kp > Kc -
a leading edge becomes steeper (dashed line).
Since under CPT the space-time evolution of the probe
pulse depends on the temporal shape of the coupling
pulse, we can manipulate the shape of the probe pulse
by proper choice of the coupling pulse envelope at the
entry of medium. In this regard CPT can be viewed as
a way of the coherent control of temporal pulse shaping.
In particular, it is possible to choose such coupling pulse
shape, that the trailing edge of the probe pulse travels
faster than leading one. This results in the compression
of probe pulse. Figure 4 demonstrates an example of
the temporal compression of probe pulse using coupling
pulse with the envelope shown in Fig. 4a (dashed line).
A time evolution of pulses is much similar to adiabatons
propagation [14]. Pulse propagation in this case can be
treated as adiabatonic pair extended to time shape vari-
ation (quasi-adiabatons) since both pulse envelopes vary
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FIG. 3: Propagation of the adiabatons (gp = GpTp, gc =
GcTp) for different propagation distances within the medium
in the caseKp 6= Kc: Kc/Kp = 1.25 – dash-dot line, Kc/Kp =
0.75 - dashed.
FIG. 4: A compression of the probe pulse in the case Kp =
Kc. Temporal profiles of the normalized Rabi frequencies of
the probe gp = GpTp and control (dashed line) gc = GcTp
pulses at different propagation distances within the medium.
(a) At the input of medium z = 0; (b) at some distance within
the medium; (c) at the output of medium z = L.
coherently and travel with equal velocity. The reason of
compression is that the leading edge of probe pulse is
slowed down more strongly than the trailing one. As a
result the pulse is compressed in time under propagation
through the medium.
Note that the compression effect is independent on the
detailed temporal structure of the coupling pulse. The
compression takes place also under a linear growth of am-
4FIG. 5: The time evolution of Rabi frequency of probe pulse
gp at the different depth in the medium: z1 = L/9; b) z2 =
L/2; c) z3 = L. The solid line –Kp = Kc, dashed -Kp = 4Kc,
dashed-dot - 4Kp = Kc
plitude of the coupling pulse. A finite spectral bandwidth
of transparency window sets a limit to the temporal du-
ration of the probe pulse that can travel in the medium
without absorption.
The pulse compression takes place also in the case of
unequal propagation constants Kp,c, which are defined
by the oscillator strengths of transitions, as shown on
Fig. 5.
Pulse compression is a particular case of temporal
shaping. In the general case, the proper choice of the
temporal shape of the coupling pulse allows to obtain
probe pulse with different temporal shapes at output.
For example, we can obtain a flat-top pulse (Fig. 6) or
two-peaked pulse (Fig. 7) like in [17]. For the results
presented we have checked that the numerical solution of
the Maxwell-Schro¨dinger equations and obtained analyt-
ical expression provide exactly the same results.
In conclusion, we have shown that temporal pulse com-
pression can be achieved using CPT schemes. These pro-
cesses present both fundamental interest and applications
in nonlinear optics, because the compressed pulse as a
light source can increase the efficiency of nonlinear pro-
cesses.
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FIG. 6: Flat-top pulse: Time evolution of normalized Rabi
frequencies of probe gp (continuous curve) and coupling gc
(dashed-line curve) pulses at medium inlet (a) and at medium
output (b).
FIG. 7: Two-peaked pulse: Time evolution of normalized
Rabi frequencies of probe gp (continuous curve) and cou-
pling gc (dashed-line curve) pulses at medium inlet (a) and
at medium output (b)
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